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INTRODUCTION
Over the last several years, a number of Superpave projects under construction in Florida have experienced failing volumetrics (low VMA and air voids) during the initial production of the mix. In order to compensate for this reduction in air voids, contractors frequently request that the design binder content in the mix be reduced to bring the voids back into an acceptable range.
Since reducing the binder content in the mix can have an adverse affect on the pavement's durability, the Department has been reluctant to approve many of these requests. Consequently, Contractors either have had to adjust the mix by making changes in the gradation, redesign the mix, or produce the mix with marginal air voids. In some cases where the Department has approved a reduction in binder content, achieving the specified density on the roadway has become more difficult, due to the reduction in lubrication in the mix.
This problem has also occurred nationally and a number of possible causes have been identified for this problem. The majority of them focus on reduced VMA due to aggregate degradation, rounding of the aggregate, or excess fines (P-200). Other possible causes have included high aggregate moisture contents (resulting in less asphalt absorption), as well as increased aggregate specific gravities (again resulting in less asphalt absorption).
It has recently been hypothesized in Florida that when a Superpave mix is sampled and tested at the plant immediately following production, that there is insufficient time for the aggregate to absorb the asphalt binder to the same extent that occurs during the mix design process. This would result in a higher effective binder content, and consequently lower air voids for the compacted plant produced mix. This is significant in Florida, where highly absorptive limestone materials are frequently used. Ideally, the best scenario would be to simulate at design and at the plant the conditions that could be expected of the mix at the roadway.
BACKGROUND
The current AASHTO Standard Practice for the Superpave Volumetric Design for Hot
Mix Asphalt (PP28-95 Edition 1A) requires that the asphalt mix be conditioned during the mix design process in accordance with the Standard Practice for Short and Long Term Aging of Hot Mix Asphalt (AASHTO PP2-94 Edition 1A) in order to ". . .simulate the aging the mixture will undergo during plant mixing and construction". This conditioning involves placing the uncompacted mixture in a force-draft oven for two hours at 135bC, prior to performing any of the required mixture tests. This conditioning results in 1) age hardening of the asphalt binder and 2) absorption of the asphalt binder into the aggregate. PP-2 also states that "The short term aging procedure applies to laboratory prepared loose mix only", which basically prohibits aging or conditioning plant produced mix. This issue was further amplified through a 1998 AASHTO Lead State Guidance document with the following statement:
Field Aging of Asphalt Mixtures -The purpose of the short-term oven aging (STOA) procedure included in Superpave was to account for mixture aging and binder absorption during production and the first years of the pavement's life. No additional STOA is necessary, or recommended, except to bring the mixture to the appropriate compaction temperature.
Currently, Quality Control and Acceptance tests are performed on the mixture immediately after it is sampled at the plant without any conditioning beyond what has occurred during production.
OBJECTIVE
The objective of this study was to investigate the properties of the mix after conditioning at design and after various conditioning times with plant produced mix, and comparing those properties with the properties of mixture as it is placed at the roadway. An attempt was made to determine 1) if the two hour force-draft oven conditioning adequately simulates actual roadway conditions, and 2) how can actual roadway conditions best be simulated when the asphalt mix is sampled and tested immediately following production at the plant.
Seven separate mixes were evaluated during the course of this study: three of the mixes used exclusively central Florida limestone, two of the mixes used predominantly granite, one mix used predominantly southeast Florida limestone, and one mix used predominantly north Florida limestone. A description of the mixes is shown in Table 1 . As detailed below, several scenarios with respect to conditioning times were analyzed for the laboratory and plant produced mixes, with the ultimate goal being to identify the correct conditioning time(s) for design in the laboratory and for the plant produced mix that will simulate actual roadway mixture conditions.
SAMPLING AND TESTING
In order to correlate the design conditioning with post-production conditioning, the aggregate and binder was sampled from the plant at three of the projects under evaluation.
Aggregate gradations and bulk specific gravities were determined in accordance with FM 1-T 027, FM 1-T 084, and FM 1-T 085, respectively. The mixture was then fabricated in the laboratory with a gradation and binder content based on the actual plant produced mix. The laboratory fabricated mix was then conditioned in accordance with AASHTO PP2 with a forcedraft oven at the standard compaction temperature of 295bF, for 0, 1, 2, 4 & 8 hours. Specimens were then tested for maximum specific gravity (G mm ) in accordance with FM 1-T 209. Gyratory specimens were also compacted to N max with the Superpave Gyratory Compactor (SGC) in accordance with AASHTO TP4, and the bulk specific gravities (G mb ) were determined in accordance with FM 1-T 166. The binder was also recovered from each of the mixes and the absolute viscosity at 60bC (140bF) was determined in accordance with AASHTO T202. Results from these tests are shown in Table 2 and Figures 1 thru 4.
In order to correlate post-production conditioning with actual roadway conditions, samples were obtained at all seven project locations. At the plant, samples were obtained for G mm , G mb , viscosity, moisture content, and extraction with the following conditioning times: 0, haul time, 1, & 2 hours. The samples for conditioning were placed in a covered container in a force-draft oven at 295bF for the appropriate conditioning period prior to testing, while the samples that were tested for the "haul time" duration were placed in a closed container and heated in an oven at 295bF to maintain temperature. They were not exposed to the air flow in the oven. Results from these tests are shown in Table 3 and Figures 5 thru 9.
At the roadway, samples were obtained and tested for G mm , G mb , viscosity, and extraction.
The mix at the roadway was sampled from the same truck that was sampled at the plant. The G mb specimens were compacted using the Department's mobile SGC trailer that was present at the roadway. The samples were not conditioned prior to testing. Results from these tests are shown
in Table 4 and Figures 1 thru 9.
ANALYSIS OF RESULTS
Conditioning at Design:
The first phase of this study focused on establishing the relationship between design conditioning and actual field conditions. Samples of the aggregate and asphalt binder were obtained from the plant at three of the projects under review. In addition, samples of the asproduced mix were obtained at the plant and on the roadway, with the samples taken from the same truck load of mix. These samples were then extracted with an ignition oven, and the results are shown in Tables 5 thru 7 . The mix was then fabricated in the laboratory based on the extracted gradation/binder content from the plant, and conditioned and tested as described above.
Review of the G mm data relating the aging/absorption that occurs during the mix design process to actual field conditions (Figure 1) indicates that a three hour conditioning at design seems to correlate the most effectively. G mb data of the compacted specimens (Figure 2 ) is fairly erratic due to the variations in temperature that occurred at the roadway (roadway samples were compacted at approximately 265bF due to the lack of a heat source, while laboratory fabricated specimens were compacted at 295bF), however, conditioning appears to have somewhat of an insignificant effect on them. Air void data (Figure 3 ), seems to show that a two hour conditioning period best matches actual roadway conditions, although this data is influenced by the variations in G mb values described above. Viscosity data generally shows that two hour conditioning is most representative of field conditions (Figure 4) . It should be noted that the data on the design conditioning versus actual roadway conditions is very limited.
Post Production Conditioning:
The second phase of this study was to evaluate the relationship between post-production conditioning with actual roadway conditions. Four additional mixes were tested besides the three mixes previously mentioned. Of the seven total mixes, five were composed of primarily Florida limestone. Since the maximum specific gravity (G mm ) of the mix appeared to be affected the most by conditioning, this portion of the study primarily focused on this area.
Analysis of the average G mm value for the seven mixes (Table 8 and Figure 5 ), indicates that a post-production conditioning time that was closest to the actual haul time of the mix appears to correlate very well with roadway data. This generally corresponds to between one and two hours. However, since the two hour conditioning yielded values that were generally greater than those found at the roadway, it would appear that the one hour conditioning does a better job of simulating roadway conditions, and is at the same time conservative. It is also a good approximation of the average haul time for these projects, which was 67 minutes. The zero hour conditioning (which is currently the AASHTO requirement) was the furthest away from actual roadway conditions.
Looking at the data based on the absorption of the aggregate, the lack of post-production conditioning would underestimate the air voids of absorptive mixes by approximately 0.5%, while it would underestimate non-absorptive materials by approximately 0.25%.
Data indicated that conditioning had minimal effect on the G mb values, as seen in In order to evaluate the effects that a conditioning period would have on production testing, two current construction projects added a one hour conditioning period to the basic Quality Control testing requirements at the plant. Results from this testing confirmed that one hour conditioning seemed to match the roadway results very closely ( Tables 9 & 10) .
CONCLUSIONS
This investigation has looked at mix properties with respect to various conditioning times at design and following field plant production, then compared them to mix properties at the roadway. Specifically, an attempt was made to determine 1) if the two hour force-draft oven conditioning adequately simulates actual roadway conditions, and 2) how can actual roadway conditions best be simulated when the asphalt mixture is sampled and tested immediately following production at the plant. From this analysis of the data, the following conclusions can be drawn:
1) The data relating design conditioning to actual roadway conditions generally indicated that an approximate conditioning time of three hours, appears to best correlate with actual field conditions in terms of G mm . However, G mb , air void (V a ), and viscosity data seemed to correlate best at two hours.
2) Post-production conditioning for a period of between one and two hours best matched roadway conditions. Two hour conditioning typically resulted in G mm values slightly higher than those found on the roadway, while one hour conditioning resulted in G mm values slightly lower. As such, two hour conditioning would result in air voids (at the plant) that are "artificially" higher than what would be expected of the mix had it been sampled at the roadway, whereas one hour conditioning would result in air voids that are slightly lower. It was of interest to note that the one hour conditioning closely matched the average haul time of 67 minutes.
3) The addition of a one hour conditioning time would typically increase the air voids of a mix with absorptive materials by 0.5%. Non-absorptive materials would experience an increase of approximately 0.25%.
4)
Testing the samples immediately after production without any additional conditioning resulted in G mm values that were consistently lower than those measured at the roadway.
5)
Conditioning had minimal effect on compacted G mb values.
RECOMMENDATIONS
Based on the analysis of the data collected during the course of this study and the previous conclusions, the following recommendations are made:
1) The Department should continue to utilize a two hour aging/conditioning period during the mix design process. Although three hours may be slightly more accurate, two hours would tend to be more conservative, and would result in less situations where the binder content of the mix would have to be reduced during production.
2) The Department should implement a one hour conditioning period prior to testing during production. Samples should be taken, reduced to the appropriate sample size, placed in a container, covered with aluminum foil, and placed in a force-draft or convection oven at the compaction temperature for one hour prior to testing. Although conditioning had a minimal effect on G mb values, compaction samples should be conditioned also, in order to be consistent. However, samples for extraction and gradation do not need to be conditioned prior to testing.
3)
Since lack of conditioning of plant produced mix is only one possible cause of low VMA during production, the Department should follow up this study with one that looks at aggregate degradation and rounding. 
